Introduction
The goal of this work is to facilitate production of imprint templates for manufacturing of hard disk drives with bit patterned media. This requires patterning fused silica (SiO 2 ) imprint templates. Incorporating silicon into resist materials is a well-known method for providing resistance to oxygen reactive ion etching. However, silicon-containing materials do not have good resistance to fluorine dry etching.
Therefore, silicon-containing materials do not provide an ideal etch mask for pattern transfer into fused silica or SiO 2 . Incorporation of tin into a resist imparts resistance to both oxygen and fluorine dry etching. Therefore, we have studied the synthesis of block copolymers in which one block contains tin.
Results and Discussion
Trimethylstannylstyrene was chosen as a monomer for a first approach to the synthesis of the block copolymers. This monomer had been explored for resist applications in the past, albeit not as a component of a block copolymer [1] [2] [3] [4] . The monomer was synthesized by a published Kumada coupling procedure [2] (Scheme 1) and the homopolymer was prepared both by classical, AIBN initiation and by a variety of controlled radical polymerization techniques. This monomer offers challenges to all of the controlled polymerization techniques and the details of the synthetic studies that were carried out will be published elsewhere.
Ultimately RAFT polymerization [5] provided the block copolymers with acceptable molecular weight control and polydispersity. The RAFT procedure that was employed to produce poly(styrene-block-trimethylstanylstyrene) is shown in Scheme 2.
The polystyrene macroinitiator was prepared, and then isolated and purified by precipitation. This material has M w = 41 kDa and D = 1.12. This material was used to initiate the trimethylstannylstyrene block. The resulting block copolymer was purified by precipitation to yield a product with M w = 85 KDa and D = 1.31.
1 H-NMR analysis shows 49 wt % of the tin monomer in the block copolymer. The small angle x-ray scattering data from this sample are consistent with lamellar morphology and a pitch of 34 nm; these data are provided in Figure 1 . The block copolymer was successfully oriented through use of a neutral crosslinked underlayer and a custom top coat as previously described [6] [7] [8] . A scanning electron micrograph of oriented images in the block copolymer is provided as Figure 2 . A preliminary etch study was carried out by blanket etching poly(styrene), poly(trimethylstannylstyrene) and SiO 2 (thermal oxide). These data are provided in Figure 3 .
This unoptimized study shows a marked improvement in etch rate ratio that is achieved by incorporating tin into the polymer.
A more detailed etch study Figure 2 . Scanning electron micrograph of oriented block copolymer. The sample was annealed with a top coat. The top coat was removed by washing with TMA and the aligned film was then exposed to a brief oxygen plasma etch to enhance contrast. The pitch from SEM measurement is consistent with the SAXS data shown in Figure 1 .
including efforts to transfer high resolution images into fused silica are underway and will be reported elsewhere. 
Conclusions
The controlled synthesis of poly(styrene-block-trimethylstannylstyrene) has been accomplished. Thin films of the polymer were successfully oriented perpendicular to the substrate through use of neutral top and bottom coats to produce well-formed lamellae with the classical finger print pattern. Preliminary blanket etch studies show that the inclusion of tin into the block copolymer provides very high etch contrast for selective removal of the styrene block in both oxygen and fluorine plasma conditions. The etch rate of the tin polymer is significantly slower than that of Future work will be directed toward the synthesis of a sample with smaller pitch and to a study of the potential for use of organotin polymers for the patterning of fused silica imprint templates.
